Effective immune responses against intracellular parasites are believed to be largely cell mediated (27) . The carriers of this immunity are thought to be T lymphocytes (23) . These cells, on encountering foreign antigen, are believed to release soluble products, lymphokines (15) , which will not only induce an influx of mononuclear phagocytes into the region (7) but also increase the phagocytic and killing ability of surrounding macrophages (20) .
Most in vitro studies on the interaction of intracellular organisms with their host cells have hitherto used peritoneal macrophages. Activated peritoneal macrophages have been shown to kill Listeria monocytogenes (25) and Leishmania donovani (22) , but only to inhibit the growth of Mycobacterium tuberculosis (26) and Toxoplasma gondii (28) , although antiserumcoated T. gondii (18) but not M. tuberculosis (2) are killed in these cells. Activated peritoneal macrophages from natural host animals were found to have no effect whatsoever on the growth of Leishmania entrettii or Leishmania tropica (3) .
The mononuclear cells which accumulate at sites of inflammation are not, however, resident tissue macrophages such as those in the peritoneum but are derived from peripheral blood monocytes which, in turn, are derived from bone marrow precursors (29) . Peripheral blood monocytes or their precursors, being relatively undifferentiated, would be expected to have more potential to respond to stimuli than peritoneal macrophages, and recent studies have cast doubt on the bone marrow origin of peritoneal macrophages (13, 29 and were then used to "infect" macrophage cultures as described above.
After infection, and at 10-day intervals, bacterial numbers were assessed by harvesting cultures in quadruplicate. The culture medium was removed and replaced with 1 ml of 0.1% (wt/vol) albumin in distilled water. Macrophages were disrupted by ultrasonic vibration (Luziesa 800 KHz ultrasonic generator and transducer), and the liberated bacteria were counted.
Lymphocyte culture supernatants. Spleens were dissected from uninfected mice or mice that had been infected with 107M. lepraemurium in the footpad 8 weeks previously. The spleens were forced through a fine wire mesh into ice-cold NCTC 109 containing heparin and pencillin at 5 and at 100 U/ml, respectively. Large pieces of tissue were allowed to sediment, and the remaining supernatant was centrifuged at 250 x g for 10 min. Red blood cells were lysed with 0.83% ammonium chloride in tris(hydroxymethyl)aminomethane-hydrochloride buffer, pH 7.4 (9 and LAC supernatants on the growth of M. lepraemurium in cultured peritoneal and bone marrow-derived macrophages. LAC supernatants and overlays of sensitized lymphocytes were found to produce prolonged inhibition of M. lepraemurium growth in peritoneal macrophages ( Fig. 2A) In bone marrow-derived macrophages, LAC supernatants and lymphocytes, whether from infected or noninfected donor mice, produced a short-term but significant drop in M. lepraemurium numbers (Fig. 2B) (Fig. 4) . DISCUSSION Although M. lepraemurium grows equally well in untreated, in vitro-cultured, peritonealderived and bone marrow-derived macrophages, its fate in each of these cell types after stimulation appears to be quite different. Whereas peritoneal macrophages have the capability to limit bacterial growth for extended periods, bone marrow-derived macrophages can significantly re-VOL. 22, 1978 duce bacillus numbers for a short period. M. lepraemurium is highly resistant to degradation, as demonstrated by the relatively slow disappearance of killed bacilli from macrophage cultures. Degradation is markedly accelerated, however, in activated bone marrow-derived macrophages.
The information provided by these results would certainly imply that bone marrow-derived macrophages are functionally different from those resident in the peritoneum. Whereas resident tissue macrophages, as found in the peritoneum, have already differentiated in vivo, macrophages from the bone marrow still have the potential to differentiate in vitro. The relative immaturity of bone marrow-derived macrophages is indicated by their rapid division and their acquisition, after 3 to 5 days, of Fc and C3 plasma membrane receptors (R. Vasquez and J. Alexander, unpublished data). Although Daems et al. (13) and Volkman (29) have suggested that resident peritoneal macrophages may not be bone marrow derived, this has been contested by other workers (8) . Because bone marrowderived macrophages are found to have granules containing peroxidase even after 5 weeks in culture (J. Alexander, unpublished data), and peritoneal-derived macrophages never possess such organelles, the relationship between these two macrophage types must remain somewhat obscure.
Peritoneal macrophages were found to inhibit M. lepraemurium growth to a greater or lesser extent, depending on the mode of stimulation; overlaying peritoneal macrophage cultures with normal lymphocytes inhibited M. lepraemurium growth significantly compared with untreated controls or ALC supernatants but less than MLC supernatants or lymphocytes from M. lepraemurium-infected mice. The ability of activated peritoneal macrophages to inhibit mycobacterial growth has been reported previously in experi- (10, 24, 26, 28) and M. lepraemurium (U. Sengupta, unpublished data).
Activation of bone marrow-derived macrophages appears to be something of an "all or nothing" response with "normal," as well as sensitized lymphocytes and LAC and MLC supernatants, but not ALC supernatants, inducing a short-term reduction in M. lepraemurium. This is the first time, to our knowledge, that bactericidal potential, as opposed to merely bacteriostatic potential, has been demonstrated against mycobacteria by macrophages. Although Godal et al. (16) (4) . This work suggests that renewed growth of L. monocytogenes could be due to in vitro exhaustion ofthe cellular bactericidal mechanisms, or perhaps the existence of a susceptible subpopulation of macrophages (5), or even a resistant bacterial subpopulation. Published evidence would suggest that macrophages could have limited killing ability in vivo, yet still promote bacterial clearance. Thus, Ando and Dannenburg (1) have demonstrated that blood monocyte-derived macrophages rapidly enter and die in tuberculosis lesions and that the quicker the turnover the more effective the killing of M. tuberculosis. Similarly, a rapid turnover of macrophages in M. lepraemurium lesions in mice is associated with the disappearance of acid-fast bacilli (12). Blanden et al. (6) have recently suggested that cytotoxic lymphocytes could lyse macrophages infected with mycobacteria in the same way that they lyse virus-infected macrophages. Not only could such a mechanism be easily tested, but its occurrence would promote macrophage turnover and lead to increased mycobacterial clearance. Increasing the lymphocyte concentration in culture during these experiments tended to result in macrophage lysis.
The superiority of bone marrow-derived macrophages over peritoneal-derived macrophages under certain experimental conditions has also VOL. 22, 1978 on September 27, 2017 by guest http://iai.asm.org/ Downloaded from been demonstrated by Meerpohl et al. (21) . These workers have shown that bone marrowderived macrophages are more cytotoxic for tumor cells than are peritoneal-derived macrophages. What these and our results indicate is that it is extremely important when using in vitro techniques to determine which cells are actively involved in vivo and to utilize these in subsequent in vitro experiments.
